Introduction {#S0001}
============

The approach to the treatment of chronic diseases is characterized by pharmacological interventions that are often prolonged. These interventions have demonstrated to be effective through well-designed clinical trials that have evaluated the therapeutic efficacy of active treatment under close surveillance. Therefore, the therapeutic recommendations are based on studies with good adherence to treatment. However, in real life, this therapeutic adherence is far from perfect, especially in the long term.[@CIT0001] Therefore, long-term adherence to therapies emerges as a relevant challenge in daily clinical practice.[@CIT0002] Long-term adherence is defined by the World Health Organization as "the extent to which a person's behavior---taking medication, following a diet, and/or executing lifestyle changes---corresponds with agreed recommendations from a health care provider".[@CIT0003] The definition of adherence is related to the extent to which a patient executes the prescribed therapeutic regime and the persistence of that accurate execution over time. However, although the concept seems clear, the operationalization of these definitions and the methods for evaluating this adherence varies among studies and clinical settings.[@CIT0004],[@CIT0005] Notably, the discussion of different but related concepts, including adherence, compliance, concordance, persistence and the associated terms, eg, poor, suboptimal or low, may increase confusion.[@CIT0006],[@CIT0007]

The assessment of prescriptions has been described to follow the outline shown in [Figure 1](#F0001){ref-type="fig"}.[@CIT0008],[@CIT0009] From the initiation of the prescription to its end, there are several moments during a course of treatment that delimit adherence. These are the prescribed beginning of the course of treatment, the initiation of the treatment by the patient, the implementation of the treatment by the patient, the moment when the patient decides to stop taking the treatment and the prescribed end of the course of treatment. In an ideal case, the prescribed start and end of the treatment course should coincide when the patient begins and finishes the course. Unfortunately, this is not always the case. Depending on the patient's behavior during these periods, different situations can be identified, such as the late onset (or even non-onset), suboptimal implementation of treatment, or early discontinuation of treatment. Although most studies evaluate to suboptimal implementation, it is important to also be aware of delayed onset or non-persistence as forms of non-adherence to treatment.Figure 1Concepts pertaining to the evaluation of adherence. Adapted with permission from Vrijens B, De Geest S, Hughes DA, et al. A new taxonomy for describing and defining adherence to medications. *Br J Clin Pharmacol*. 2012;73(5):691--705. © 2012 The Authors. *British Journal of Clinical Pharmacology* © 2012 The British Pharmacological Society[@CIT0008]

Although adherence and compliance are terms often used in a similar way, they have slightly different connotations. It has been argued that while adherence assumes that the patient agrees with the recommendations, compliance is related to a more passive attitude on the part of the patient.[@CIT0010] Additionally, the concept of treatment persistence is defined as "the duration of time from the beginning to the interruption of therapy" and refers to the act of undergoing treatment throughout the time for which it has been prescribed ([Figure 1](#F0001){ref-type="fig"}).[@CIT0004]

Assessing treatment adherence in patients with COPD {#S0002}
===================================================

The measurement of adherence is a real challenge in the clinical evaluation of patients and in clinical research. First, there is currently no consistency in the method by which adherence is assessed in studies on COPD.[@CIT0011] The use of different methods of assessing adherence would provide different results. Second, the majority of drugs used for COPD are inhaled, and inhaled drugs carry different implications for the evaluation of adherence than do oral medications.[@CIT0012] During the study of medication adherence, each case has to be qualitatively defined as being adherent or non-adherent, which depends substantially on the method of measurement used and the period during which adherence is assessed ([Figure 1](#F0001){ref-type="fig"}). In these analyses, a common metric for adherence is the percent of the total doses of medication taken. This percentage is calculated as the number of doses taken within a given time divided by the number of doses prescribed by a physician during that same time.[@CIT0010] Although there is no universal agreement on the threshold that defines good adherence, traditionally, a cutoff value of 80% has been used to dichotomize adherent and non-adherent patients.[@CIT0013]

There are two different approaches in studies evaluating adherence: retrospective evaluation through the use of administrative databases and prospective evaluation at the patient level. Each of these approaches has its own tools. The evaluation of administrative databases has its own challenges, including the correct identification of COPD and the inhaled therapies in a codified database. Additionally, the design of the database is set before the study is performed, so the study is a post hoc analysis of previously recorded data. Therefore, different indicators have been created to evaluate treatment adherence. The proportion of days covered is a percentage calculated as the number of days of maintenance medication divided by the duration of therapy. The medication possession ratio is the ratio of the number of days for which a patient actually has the medication divided by the total number of days a patient is observed, typically measured over six to 12 months. Another objective adherence measurement is the medication refill adherence or medication refill rate[@CIT0005] This score is calculated by dividing the total days' supply by the number of days the patient was prescribed the medication during the implementation phase ([Figure 1](#F0001){ref-type="fig"}). These metrics can identify patients at risk for treatment failure. However, they are retrospective by nature, and the records may be incomplete or difficult to access.[@CIT0014] Additionally, with regard to inhaled medication, systems do not provide data on the number of inhalations per day, and the withdrawal of medication from the pharmacy by a patient does not necessarily mean that the patient is actually inhaling the medication. Finally, the lack of the prescribed daily dose in most of these databases becomes another disadvantage.

For the prospective evaluation of adherence at the patient level, several methods have been described that can be classified as either subjective or objective ([Table 1](#T0001){ref-type="table"}). Subjective measurements involve asking patients, caregivers or doctors about the use of the medications. Objective methods involve clinical monitoring (eg, counting the doses, using questionnaires, or examining the dispensing records of the pharmacy), electronic monitoring (eg, using electronic medication monitoring systems), and biochemical monitoring (eg, measurement of the medication or a metabolite in urine, serum or different tissues).[@CIT0010] Of note, although the evaluation of the therapeutic response can provide an idea regarding adherence to the treatment (for example, measuring heart rate to evaluate the use of ß-blockers), the variability in the therapeutic response to treatment in patients with COPD is wide and influenced by many aspects of the disease.[@CIT0015],[@CIT0016] For these reasons, therapeutic outcomes are not generally used as an adequate measure of adherence to treatment in patients with COPD.Table 1Methods of evaluating medication adherence in COPD at the patient levelDirect methodsIndirect methodsSubjectivePatient questionnairesPatient diariesObjectiveClinical monitoringDirectly observed therapyDose countElectronic monitoringElectronic microchipMedication event monitoring systemsElectronic devicesBiochemical monitoringMeasurement of the medication or its metabolite in urine, serum or tissuesMeasurement of biological markers

Other authors have classified these prospective methods as being either direct or indirect ([Table 1](#T0001){ref-type="table"}), with direct methods providing evidence that the patient has taken the medication and serving as the most accurate measurement of adherence.[@CIT0014] Despite the different options for assessing adherence, there is currently no single method that is considered the reference standard. Therefore, using combination of methods is sometimes necessary to maximize the accuracy of the assessment.

Generic questionnaires {#S0002-S2001}
----------------------

Self-report questionnaires provide an opportunity to obtain information regarding medication adherence directly from the patient, caregiver or doctor. However, some limitations include the need for a patient-questioner connection based on shared confidence and the lack of usefulness when the patient is unaware of their nonadherent behavior. Therefore, self-reported questionnaires generally tend to overestimate adherence.[@CIT0017] At present, there are numerous questionnaires for the evaluation of adherence to treatment. Similar to the questionnaires for the evaluation of health-related quality of life, adherence-related questionnaires can also be divided into the categories of generic or specific. A non-exhaustive discussion of some of the latest questionnaires that have been used to measure adherence in patients with COPD follows.

### Morisky medication adherence scale (MMAS) or Morisky--Green scale {#S0002-S2001-S3001}

The MMAS is a 4-item, self-reported, generic questionnaire with 4 items that explore the following four reasons for a lack of adherence: forgetting the medication, carelessness about the medication and stopping the medication if the patient feels worse or better. The total score ranges from 0 to 4, with higher scores indicating better adherence. Good adherence is defined as a score of 4. Although the MMAS was first developed to evaluate medication adherence in patients with hypertension,[@CIT0018] it is one of the most widely used instruments to measure adherence in patients with chronic diseases, including COPD. The four questions of the instrument have been adapted for use with inhaled medication[@CIT0019] The authors later developed an 8-item version[@CIT0020] that has been used in respiratory medicine.[@CIT0021]

### Measure of treatment adherence (MTA) {#S0002-S2001-S3002}

Developed in Portuguese, the MTA consists of seven generic items that assess common patterns of both intentional and unintentional non-adherent behavior. Answers are evaluated on a 6-point Likert scale. The total score ranges from 6 to 42, and higher scores indicate better self-reported adherence. Non-adherence is defined by a score ≤5.[@CIT0022]

### Beliefs about medicines questionnaire (BMQ) {#S0002-S2001-S3003}

The BMQ is a generic 11-item questionnaire that includes two five-item scales. The 5-item necessity scale assesses patients' beliefs about the necessity of the prescribed medication and the 6-item concern scale evaluates patients' concerns about the potential adverse consequences of taking the medication; both are answered on a 5-point Likert scale. Total scores range from 5 to 25 on the necessity scale and 6 to 30 on the concern scale.[@CIT0023] The BMQ has been tested in patients with COPD in Portugal[@CIT0022]

### Adherence starts with knowledge 20 (ASK-20) {#S0002-S2001-S3004}

The ASK-20 is a self-administered, generic questionnaire that was designed to evaluate barriers to medication adherence. The questionnaire is composed of 20 items in which patients are asked to evaluate their potential barriers to medication adherence using a 5-point scale. Higher scores indicate stronger barriers to adherence for all items except 7--12, which must be scored in reverse to have the same direction as the others.[@CIT0024] A shorter version with 12 items (ASK-12) has been validated.[@CIT0025] The ASK-20 has been used in patients with COPD and asthma[@CIT0026]

### Adherence to refills and medications scale (ARMS) {#S0002-S2001-S3005}

The ARMS is a 12-item adherence questionnaire, and the total score ranges from 12 to 48 points. Lower scores indicate better adherence.[@CIT0027] The ARMS has been used to evaluate adherence in patients with sleep disorders and COPD.[@CIT0028]

### Medication adherence report scale (MARS) {#S0002-S2001-S3006}

The MARS consists of 5 items, each of which evaluates patterns of intentional and nonintentional nonadherent behavior with regard to the principal maintenance therapy. Each item is scored on a 5-point Likert scale. Total scores range from 5 to 25, with stronger adherence associated with higher scores. The MARS has been used in two COPD studies.[@CIT0029],[@CIT0030]

Specific questionnaires {#S0002-S2002}
-----------------------

### Test of the adherence to inhalers (TAI) {#S0002-S2002-S3001}

The TAI is a specific questionnaire designed to assess the adherence to inhaled medication. It consists of two complementary questionnaires with two domains, namely, the patient and the health professional domains[@CIT0031] The 10-item TAI patient questionnaire was designed to assess the nonadherence level. Each item is scored from 1 to 5, with higher values indicating the best possible score. Therefore, the total score ranges from 10 to 50. The questionnaire specifically evaluates erratic and deliberate nonadherent behavioral patterns. The additional 2-item TAI health professional questionnaire assesses the non-adherence patterns observed by the health care professional. Each item is scored as either 1 (non-adherent) or 2 (adherent), and the total score ranges from 2 to 4. These items are designed to identify two possible causes of non-adherent behavior that are identified if one of the two items is scored as a 1[@CIT0032] The TAI has been used to explore differences in adherence between patients with COPD and asthma[@CIT0033] The level of agreement between the 10-item TAI and the generic 8-item MMAS has been found to be only moderate (Kappa index: 0.42; agreement: 64.7%), however.[@CIT0021]

Clinical monitoring {#S0002-S2003}
-------------------

### Directly observed therapy {#S0002-S2003-S3001}

The most reliable method of ensuring adherence to medication is directly observing the therapy, meaning that the patient receives each dose in the presence of a third person.[@CIT0014] This form of medication administration has the added advantage that adverse effects can be documented immediately after drug administration. In addition, inhaled medication allows the evaluation of the inhalation technique and can serve as an educational intervention. However, one main limitation is that many resources are needed to observe each patient directly. For this reason, it is usually reserved for the context of clinical trials or in diseases with a high impact on public health.[@CIT0034]

### Dose counting {#S0002-S2003-S3002}

Another possibility for clinical monitoring is dose counting at prespecified time intervals. Although the system is considered accurate and objective and provides long-term adherence information, a number of problems have been identified, namely, it can be time consuming for those cases with a considerable number of medications, and patients can intentionally withhold medications or forget to bring some or all the medications to the visit.[@CIT0014] In the case of inhalers, the availability of a dose counter facilitates this system of adherence monitoring. However, some potential problems include the possibility of wasting inhalations without taking them, the dose counter being too small for the patient to see, and poor inhalation technique giving false results.

Electronic monitoring {#S0002-S2004}
---------------------

The availability of technological advancements together with the expansion of the Internet and information and communication technologies in recent decades has had an impact on the evaluation of therapeutic adherence. Several initiatives have been tested. With regard to oral medication, two initiatives have been described, namely, the electronic microchip (consisting of incorporating a specially designed nontoxic microchip within each dose of a drug that allows monitoring) and medication event monitoring systems (consisting of a microchip integrated in the medication packaging that records the opening date and time).[@CIT0014] These have not been used in patients with COPD so far.

### Electronic devices {#S0002-S2004-S3001}

There are different electronic devices that provide information on the correctness of the patient inhaler technique and treatment adherence. One example is an electronic audio recording device called an INhaler Compliance Assessment (INCA) device ([Figure 2](#F0002){ref-type="fig"}). The INCA is an electronic device that is attached to the Diskus inhaler. By recording sound during the use of the inhaler, it can objectively evaluate different aspects of inhaler use every time the patient uses the inhaler, including the moment of use, the time elapsed between doses, and the accuracy of inhaler use.[@CIT0035] A recent study has evaluated this device, helping clinicians learn why a prescribed inhaler may not be effective and devising strategies to improve adherence in patients with COPD.[@CIT0036] Additionally, different electronic devices have been tested for their ability to evaluate inhalation technique.[@CIT0037]Figure 2The INCA system. which is an open-access article distributed under the terms of the creative commons attribution license, permitting its unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.**Note:** Reproduced from D'Arcy S, MacHale E, Seheult J, Holmes MS, Hughes C, Sulaiman I, et al. A method to assess adherence in inhaler use through analysis of acoustic recordings of inhaler events. *PLoS One. 2014*;9(6): e98701. Creative Commons license and disclaimer available from: <http://creativecommons.org/licenses/by/4.0/legalcode>.[@CIT0035]

Biochemical measurements {#S0002-S2005}
------------------------

### Measurement of the medication or its metabolites in urine or serum {#S0002-S2005-S3001}

The determination of drug-derived metabolites or the concentration of the drug itself in the serum or urine constitutes an objective and relevant way of exploring exposure to a drug. Evaluation of the therapeutic adherence through the determination of the concentration of the drug or its metabolites in plasma is a direct and objective method of evaluation. During the development of drugs, the systemic bioavailability of the drugs or their metabolites is evaluated.[@CIT0038]--[@CIT0040] However, this is a technique that has a relatively high cost and that is not exempt from the so-called white-coat adherence, which occurs when patients change their behavior before scheduled tests. Therefore, this type of evaluation of medication adherence has not been implemented in clinical practice in COPD and has limited usefulness in research.

### Measurement of medication or its metabolite in tissues {#S0002-S2005-S3002}

A recent study evaluated the measurement of drug residues in hair samples to assess inhaled medication adherence in patients with asthma or COPD. The authors found that inhaled drugs were detected in hair for 72% of subjects, including inhaled formoterol and vilanterol. This test showed a dose response with different impacts depending on hair color.[@CIT0041]

Adherence in clinical trials {#S0003}
============================

Achieving an optimal therapeutic adherence is extremely important in the execution of a clinical trial because the degree of adherence is directly related to the magnitude of the effect of the treatment under study. It is known that stronger adherence increases the size of the effect, while insufficient medication adherence can result in an inability to differentiate between the treatment arms.[@CIT0042] Studies that have reported the degree of adherence treatment are usually more prone to negative results.[@CIT0043] Of note, treatment with worse adverse effect profiles may falsely prove to be of similar safety if patients are non-adherent due to these adverse effects. Adherence is also a relevant indicator of the acceptance of treatment by patients. Of note, in spite of its obvious importance, treatment adherence is not always consistently reported in clinical trials. In fact, it has been reported that only 33--46% of clinical trials report adherence rates.[@CIT0011],[@CIT0043]

One important consideration is that reported adhesion rates are usually elevated in clinical trials compared to those in observational studies. This phenomenon can be related to a possible overestimation of adherence in the context of research.[@CIT0011],[@CIT0043] This may be associated with the additional attention that patients receive during the study, patient selection and the observer effect that alters the behavior of patients.

Adherence in the real world {#S0004}
===========================

Adherence to inhaled medication is poor in the real world and shows great variability, ranging from as low as 20% to over 60%.[@CIT0044]--[@CIT0048] An observational, cross-sectional, multinational Latin American study involving 795 COPD patients (The LASSYC study) based on the TAI and the MASS-8 questionnaires reported good adherence rates in 54.1% and 51% of patients, respectively.[@CIT0021] In an Austrian retrospective analysis of patients admitted to hospital for severe acute exacerbation of COPD, follow-up data showed 33.6% of patients had adequate adherence to therapy (33.2% of men, 34.4% of women).[@CIT0049] In the Copenhagen General Population Study, the authors found that adherence varied from 29% to 56% depending on the GOLD 1--4 lung function impairment groups for fixed-dose combinations of inhaled corticosteroids (ICS) with long-acting ß~2~ agonists (LABA), from 51% to 68% across GOLD grades for long-acting muscarinic antagonists (LAMA), and from 25% to 62% for LABA alone.[@CIT0050]

Interestingly, a decrease in adherence to treatment appears early in the first year of treatment, with a steep decrease from the beginning, which persists thereafter. A cohort of 3,268 patients with COPD with LABD newly prescribed for 24 months showed that during the first year, adherence dropped to 40% for LAMA and 29% for LABA. Thereafter, in the second year, adherence kept decreasing at a slower pace to 33% for LAMA and 24% for LABA.[@CIT0051] This pattern suggests that measures to improve adherence over time should be established from the beginning of treatment.[@CIT0052] Interestingly, the subjective evaluation of the physician in charge may not match with reality,[@CIT0053] which suggests we should encourage clinicians to employ more objective measures of medication adherence.

Factors associated with treatment adherence {#S0005}
===========================================

The assessment of the factors associated with appropriate therapeutic adherence in patients with COPD needs a specific comment, as numerous studies have described the association of a considerable number of variables with insufficient adherence ([Box 1](#T0002){ref-type="table"}). Different factors, including age, gender, education, race, number of concomitant treatments, disease severity or smoking status, have been described as being associated with adherence.[@CIT0054]--[@CIT0057] However, there are a few specific variables associated with treatment adherence in COPD.Box 1Factors associated with treatment adherenceAgeGenderEducationRaceNumber of concomitant treatmentsDisease severitySmoking statusSatisfaction with the inhalerType of inhaler deviceNumber of inhalersSatisfaction with drug efficacySatisfaction with clinician expertiseSocioeconomic factorsSocial/familial supportDose regimenSpecific comorbiditiesHealth literacy

Satisfaction with the inhaler {#S0005-S2001}
-----------------------------

In respiratory medicine, inhaler management represents a key aspect and a potential barrier.[@CIT0058] A recent study evaluated 373 surveys of COPD patients by 134 physicians and reported complete trust in adequate device usage in 22% of patients and 17% of physicians.[@CIT0059] Interestingly, better confidence was related to higher self-reported adherence. A similar study reported data from 1443 COPD patients and found that patients' satisfaction with their inhaler was significantly associated with treatment compliance, as well as male gender and fewer maintenance drugs[@CIT0060] Interestingly, age and breathlessness severity were not associated with treatment compliance.

Type of inhaler device {#S0005-S2002}
----------------------

The impact of the type of inhaler on adherence is controversial. A retrospective multicenter study based on a review of medical registries reported that COPD patients treated with a dry powder inhaler were less likely to have good medication adherence than those treated with a pressurized metered dose inhaler.[@CIT0061] However, other trials have shown different results with regard to the effect of the inhaler device.[@CIT0012],[@CIT0062] In France, a survey of 153 patients with COPD identified that the strongest drivers of preference of inhalation devices were the shape, the dose counter and the reusability.[@CIT0063] Altogether, it seems that adherence to inhalation medication may be device-related in patients with COPD, and efforts should be made to identify the optimal type of inhaler for the patient.[@CIT0064]

Number of inhalers {#S0005-S2003}
------------------

The quantity of inhalers also has an impact on medication adherence in COPD as in the oral medication of other chronic conditions. A retrospective analysis evaluating 23,494 patients matched in pairs revealed that multiple-inhaler users had a significantly higher discontinuation rate than that of single-inhaler users after adjusting for confounding factors.[@CIT0065] These data suggest that fixed dose combinations should improve adherence.

Satisfaction with drug efficacy and safety {#S0005-S2004}
------------------------------------------

Satisfaction with drug efficacy has also been shown to be related to adherence. A study evaluating pharmacy records designed to estimate adherence to ICS, ipratropium bromide, and LABA over two consecutive six-month periods in 2,730 patients showed poor adherence, with 19.8% of patients adherent to ICS, 30.6% adherent to LABA, and 25.6% adherent to ipratropium bromide. Interestingly, adherence at the baseline was the strongest predictor of future adherence to that same medication but not to other classes of medications.[@CIT0046] These results have been replicated in similar trials, in which a subjective sense of relief after the use of inhaled drugs was a factor improving patients' compliance.[@CIT0066] Additionally, concerns about inhaled medications has been shown to be independently associated with non-adherence in COPD.[@CIT0067] Of note, a cross-sectional analysis evaluating 100 COPD patients showed that most of the patients that discontinued medication was because of side effects.[@CIT0068]

Satisfaction with clinician expertise {#S0005-S2005}
-------------------------------------

Despite the fact that the determinants of adherence may differ by medication class, some studies also indicate that patient perception of clinician expertise is a relevant factor that is strongly associated with adherence to inhaled medication. Therefore, the patient's perception of their medical provider as an expert is associated with greater adherence to LABA and ICS.[@CIT0069] Interestingly, a cohort study enrolling 13,178 patients discharged from hospital for COPD between 2007 and 2011 in Italy showed that adherence was higher for patients discharged from pneumology wards with a reduction in the variability after entering the hospital level.[@CIT0070]

Socioeconomic factors {#S0005-S2006}
---------------------

Socioeconomic factors, including unemployment, low-income status, immigration status, and living alone, have been shown to influence adherence and to be related to the nonuse of medication.[@CIT0071]

Social/familial support {#S0005-S2007}
-----------------------

Caregivers, especially spouses, may improve adherence in patients with COPD. This was shown in a study evaluating adherence measured by pharmacy refill data according to the presence of a caregiver. The results showed that adherence to LABA was stronger and fewer patients were current smokers in the spousal caregiver group than in the other groups.[@CIT0072]

Dose regimen {#S0005-S2008}
------------

The impact of dosing on inhaler adherence is a matter of controversy. Some studies have indicated that the number of daily respiratory drug doses is relevant to inhaled drug adherence.[@CIT0044],[@CIT0073] Interestingly, the number of inhalations per administration is also relevant. A recent analysis based on interviews found that the number of inhalations per administration was an independent risk factor for poor adherence.[@CIT0012] Altogether, these findings suggest that less frequent dosing regimens could be an effective method of enhancing adherence to respiratory therapy. However, other authors have reported that medication adherence is poor regardless of the dose regimen and that 12 hr medication dosing has a similar level of adherence to that of 24 hr regimens.[@CIT0074] In any case, having various dose regimens available is an advantage for clinicians because it allows adaptation of the treatment regimen to the patient's preferences.

Specific comorbidities {#S0005-S2009}
----------------------

The presence of specific comorbidities may also be relevant not only because of the effect on the number of medications but also because of the impact of these comorbidities on COPD. The best example is the relationship between the presence of depressed mood and adherence; this relationship is stronger than those between adherence and disease severity or sociodemographic factors.[@CIT0075] Cognitive impairment might also be an important parameter that can affect inhalation device technique and compliance.[@CIT0076] Additionally, certain comorbidities may influence the initial prescription. It has been described how COPD patients with concurrent cardiovascular disease are less likely to be prescribed bronchodilators.[@CIT0077] Interestingly, it has been described that adherence to COPD medications seems to be positively related to non-COPD medications,[@CIT0078] which suggests that the need to take medications prescribed for comorbid conditions does not adversely impact adherence to COPD medications.

Health literacy {#S0005-S2010}
---------------

Health literacy is considered the ability of a person to manage health situations, make sense of health information they receive or even provide health information to others. Health literacy is also important because of its influence on adherence. A recent study in a cohort of individuals with COPD showed that low health literacy was common and was associated with disease-related opinions that predict low adherence.[@CIT0079]

Consequences of low adherence {#S0006}
=============================

The lack of adherence to COPD treatment has direct implications for the management of the disease. In clinical trials, a relationship between adherence and the results of clinical trials has been shown. In a subanalysis of the *TOwards a Revolution in COPD Health* (TORCH) trial, a randomized controlled trial evaluating 6112 patients with COPD over 3 years, the authors found associations between adherence and mortality and between adherence and hospital admissions.[@CIT0080]

Although the majority of studies have analyzed data from administrative databases, the findings are similar. A cross-sectional study included 33,816 Medicare beneficiaries and found that the proportion of days covered was associated with hospitalization rates and costs (--\$2,185). Similarly, a population-based study in 12,124 individuals over 5 years found that consistent LABA use was associated with better survival than was occasional LABA/ICS.[@CIT0081] Furthermore, poor adherence to inhaled therapy has now been clearly established as a main risk factor for the exacerbation of COPD, and the effect on the hospitalization rate has been replicated in other analyses.[@CIT0066],[@CIT0082]

As a consequence, the economic impact of poor adherence is also worth noting. A systematic analysis highlighted the associations between adherence and both clinical and economic outcomes.[@CIT0083] In the PHARMACOP trial, an interventional study in community pharmacies designed to improve adherence, the overall cost difference per patient in one year was €227, which additionally resulted in the prevention of hospital-treated exacerbations.[@CIT0082] A similar finding was obtained in a retrospective study in Korea, which showed that the adherent group had a 10.4% lower all-cause cost (*p*\<0.001) and an 11.7% lower COPD-related cost (*p*\<0.0001) versus those of the non-adherent group.[@CIT0084]

Interventions to improve adherence {#S0007}
==================================

Given the short-term and long-term clinical implications of poor therapeutic adherence for patients with COPD, improving adherence emerges as a necessity in COPD care.

Patient education {#S0007-S2001}
-----------------

In a chronic, progressive, disabling disease such as COPD that also has periods of exacerbation that may be common, it is important that the patient understands the disease and its evolution over time and learns to handle incidents that may occur. To this end, self-management plans have been designed that include improving the inhalation technique and understanding the importance of maintaining inhaled medication over time.[@CIT0085] It is important for clinicians to be alert when interacting with these patients; each time the patient contacts the health care system should be considered an opportunity to educate that patient about the value of therapeutic adherence. Recurrent instruction regarding inhalation techniques may also contribute to adherence to therapeutic regimens.[@CIT0086] If disease control is not achieved due to poor adherence, one possibility is switching to other inhaler devices.[@CIT0087] This may have a double effect on the management of the inhaler and a potential improvement in drug efficacy due to idiosyncrasy.[@CIT0016] The switching of devices is acknowledged as a strategy in current recommendation guidelines,[@CIT0088] and it has been shown to be feasible, as long as the choice is carefully explained by the physician.[@CIT0089]

Motivational intervention {#S0007-S2002}
-------------------------

A recent randomized controlled trial in a primary care setting including 146 COPD patients explored the impact of an intervention consisting of group and individual interviews that was designed to explore motivational aspects related to adherence.[@CIT0090] The authors reported a change in adherence from 41.9% to 32.4% in the control group and 40.3% to 48.6% in the intervention group, with a need-to-treat number of 6.37. Motivational interventions should include caregivers as well.

Out-of-pocket expenses {#S0007-S2003}
----------------------

Although reduced out-of-pocket expenses have been shown to improve medication adherence for chronic conditions,[@CIT0091] in patients with COPD, unless it is accompanied by adequate training of the patient, switching from one device to another can be associated with worse clinical outcomes and a consequently increased use of health care resources.[@CIT0092] Therefore, these decisions should be patient-tailored and agreed on with the patient and caregiver with close follow-up.

Clinical pharmacist consultation {#S0007-S2004}
--------------------------------

The role of the community pharmacy in the diagnosis of COPD has been demonstrated in numerous studies. In particular, the performance of spirometry has been shown to improve the diagnosis of patients and to be an appropriate tool for identifying cases that are cost-effective.[@CIT0093],[@CIT0094] Additionally, a prospective randomized controlled study evaluating the impact of a pharmacist-managed clinic on medication adherence in patients with COPD showed significantly better adherence compared with the baseline and with an improvement in the medication refill adherence compared with the control group.[@CIT0095] Additionally, pharmacists can influence nonpharmacological interventions and improve vaccination rates by recognizing these influencing factors and by acting as advocates, counselors, and administrators of the influenza vaccine.[@CIT0096]

Medication-taking reminders {#S0007-S2005}
---------------------------

A recent systematic review identified medication-taking reminders as one intervention that successfully improves adherence to different chronic conditions. Reminders sent via text messages, telephone calls or electronic devices had an impact on adherence.[@CIT0097] Interestingly, personal or interactive reminders were more effective than generic or prerecorded reminders. In airway diseases, both text messaging and audiovisual reminders have been shown to be effective in the short term.[@CIT0098] However, their impact in the long term has not been established, and there is concern that frequent reminders may become a nuisance to patients.[@CIT0099] In this regard, digital technologies will probably be an aid in improving adherence in patients with respiratory diseases,[@CIT0100] but we will need to learn about their implementation in different patient types.

Conclusions {#S0008}
===========

In summary, the evaluation of therapeutic adherence to inhaled medication represents an essential element in the therapeutic strategy for patients with COPD and a current challenge in the clinic. It is necessary to be clear about the different concepts used in the medical literature to use a uniform language in this evaluation of therapeutic adherence. In addition, the consideration of the factors that are associated with a lack of adherence in clinical practice can help the clinician to identify patients at risk of low adherence, which, in turn, can serve to reinforce the importance of a correct adherence in certain populations. Health care professionals should be aware of the issues pertaining to adherence and take the opportunity to educate patients each time they contact the health care system.
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